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© Polyathar polymer or copolymer, monomer merefor, and process for production thereof. 



A polyether polymer or copolymer with a pendant group of 
the formula 



CH. 



represented by the following formula (II) 

4CH 2 -CH-0* 



(II) 



CD 

3 



CL 



-CH 2 -0-CH 2 -C x - /C H 2 



in its molecule, said polymer or copolymer consisting essen- 
tially of (I) l to KX) moieOto of recurring units represented by the 
following formula (I) 



and having a reduced viscosity n,r»d, determined at 45° C in Its 
O.m by weight benzene solution or at 80° C in its O.KVb by weight 
monochlorobenzene solution, of at least O.OJ: a process for 
producing thereof and novel epoxyether compound therefor. 



4CH 2 -CH-0* 

CH- CH V 
O-CH.-C - CH» 

2 V 2 

and 



(I) 



(2) 0 to 99 mole % of at least one type of recurring units 
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Description 

POLYETHER POLYMER OR COPOLYMER, MONOMER THEREFOR, AND PROCESS FOR PROD UCTION 

THEREOF " — 

This invention relates to a novel polyether polymer or copolymer of the type in which a side chain having an 
5 oxirane group is pendant from a main chain having a polyether structure, a novel monomer used in the 
production of the polyether polymer or copolymer, and to processes for producing the polyether polymer or 
copolymer and the monomer. Particularly, this invention relates to a solvent-soluble polyether polymer or 
copolymer with a pendant group of the formula 

2 2 Xq/ 2 

15 - L. 

in its molecule, a novel monomer used in its production, and to a process for producing the polyether polymer 
or copolymer. The polymer or copolymer is useful, for example, as an epoxy resin, a rubber or elastomeric 
material, an adhesive, a paint, and a reactive polymer intermediate. 
More specifically, this invention pertains to a polyether polymer or copolymer with a pendant group of the 

2o formula 

CH 3 

-CH 9 -0-CH o -C - CH ' 
2 2 \ / 2 

25 O 

in its molecule, said polymer or copolymer consisting essentially of 

(1) I to I00 mole<Vb of recurring units represented by the following formula (I) 

30 4CH 2 -CH-Of 

CH 2 CH 3 (I) 
0-CH--C - CH 0 

2 v 

and 

(2) 0 to 99 mole% of at least one type of recurring units represented by the following formula (II) 

40 *CH -CH-Of (II) 

^ i 
R 

wherein R represents a member selected from the class consisting of a hydrogen atom, substituted or 
45 unsubstituted Ci-Cie alkyl groups, substituted or unsubstituted C2-C18 alkenyl groups, substituted or 

unsubstituted C 3 -C 8 cycloalkyl groups and substituted or unsubstituted C6-C14 arylgroups, 

and having a reduced viscosity Tired , determined at 45° C in its O.P/o by weight benzene solution or at 80° C 

in its O.io/o by weight monochlorobenzene solution, of at least 0.0I. 
This invention also pertains to 2.3-epoxypropyl-2',3'-epoxy-2'-methylpropyl ether represented by the 
50 following formula (l-a) 

H C - CH-CH^-O-CH^-C - CH- <I-a) 
\ / z * \ / ^ 

55 0 O 

which is not described in the known literature, and which is useful for producing a polymer composed of the 
recurring units of formula (I) or a copolymer comprising the recurring units of formula (I). 
60 This invention further pertains to processes for producing the polyether polymer or copolymer and the 
monomer of formula (l-a). 

Various difunctional or higher oxirane compounds have been known and used in various applications For 
example, diglycidyl ether of the following formula 



2 
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H C - CH-CH -0-CH--CH - CH_ 

V 2 2 \ y 2 



hi«nh!^.c u ompound c^ 3 * 8 ' J° the compound of formula (l-a). Furthermore, diglycidyl ethers of 
bisphenols are known as epoxy resins. The two oxirane rings of these compounds haw quite thrsame 
reactivity, and it is difficult to expect reaction of only one oxirane ring 

Compounds having two or more oxirane rings having different reactivities are known. For example there is 
known vtnyicyclohexene diepoxide of the following formula example, mere is 




o^^ToZS^d^ h °"~ r <0 Perf ° rm of only one of these 

Generally in the polymerization of a monomer containing two or more groups havino similar 
polymerizabilit.es as functional groups as in the above dlfunctional or higher oxirane cESSSkK^JK 

Zl m h, 9 h 7 ,ote = , f r - wei ? W «"te keeping one of two functional groups, for 

example, still reactive. Hence, to obtain a polymer or copolymer having an oxirane group in a side chain there 

W^. e o^fri y H 3ed 8 me,h ° d WWCh Polymerizing a monomer havinrj a vinyl pojmerizab te 

functwnal group and an oxirane group which have quite different reactivities, for example alvcitM 
methacrytate. in the presence of a radical initiator such as a peroxide example giycidyl 

It has previously been known to synthesize a polymer having a main chain of a polyether structure bv 
XTr^^Tr" I 8 " OXlrane """Pound. There has been no example kru^heretofofeTn Sch a 
sofvent-soluble polyether polymer or copolymer of high molecular weight is obtained by rino-ooenfaio 
potymenz at.on of a dtfunctional oxirane compound to polymerize one oxiranVring selector while I he 

other ox.rane nng unpolymerized as a side chain. Polymers or copolymers having an oximn^^ionZr^p 
.n a SHJe chain have attracted attention because various functions are expected owing to the presence S 

SZXSSS. STOUP V8ri ° US attemPtS ^ t>een ^ ~ 10 P°^e — "h^g 

^JtZT^T?™ T mad l! WeSti9a,ions *» ""tor to develop a difuctional oxirane compound of a new 
r^fnr^ . , t0 rea " 2B Such ex P ecta,lon - These investigations have led to the discovery ttwTa 
dlfunctional oxirane compound of the following formula (l-a) ^ a 



CH 

H 2 C \> CH - CH 2 -°- CH 2 / c « 2 (I— a) 
0 V 2 



which is not described in the prior literature can be easily synthesized, and the present inventors have 
succeeded ,n synthesizing It. The inventors have also found the compound of formula ^2^22 
reaction specrficity in that the oxirane ring on the left end of the formula palpates*™ mS3Z»Z Mts 
EZ^tT^ 8 P^^'o" oate'vsf in accordance JZ«»|i^h SScibed 
ZZZZZ'* ° X 'T e n " 9 8 ^ «"*«tuent on the right end does no, participate in the 

reaction but remains unchanged, and that no crosslinking reaction occurc in spite of Its dtfu^ionaWv it h»t 
further been found that because of this reaction specificity, the novel dCcttonaJ T^ta^mSo^LT^ 
formula (l-a) does not form a solvent-insoluble gelled product by crosslink^ reac^n ZThv ,r,t 
P ^ mer l!!! i0n m accordance 9 wtth this invention. H S ^mlEE*E£JZ 

reactive polyether polymer or copolymer of the type in which a group of the formula 

-CH 2 -0-CH 2 -<^- /C H 2 
0 

is pendant from a main chain of the polyether structure, and that the resulting polyether polymer or cooolvmer 
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It is an object of this invention therefore to provide a novel polyether polymer or copolymer with a pendant 
group of the formula 

CH- 

5 i 3 

-CH^-O-CH -C - CH 

V 

10 in its molecule, a novel difunctiona! oxirane compound used in the production of the polymer or copolymer, 
and processes for producing the polymer or copolymer and the difuhctional oxirane compounds. 

The above and other objects of this invention along with its advantages will become more apparent from the 
following description. 

The difunctional oxirane compound of this invention, 2,3-epoxypropyl-2'.3'-epoxy-2'-methylpropyt ether of 
15 the following formula (l-a) 



CH 3 



3 



20 H C - Ch—ch o_ CH c CH (I-a) 

V 2 2 v 2 



can be synthesized by properly selecting ether synthesizing means and oxirane ring forming means known per 

25 se. w " E — 

In one embodiment, the compound of formula (l-a) can be synthesized by epoxidizing a known compound 
allyl methallyl ether of the formula 

CH- 

30 ■ J 

CH 2 =CH-CH 2 -0-CH 2 -C=CH 2 (I-b) 

with an oxidizing agent such as hydrogen peroxide or a peroxy acid. When hydrogen peroxide is used in this 
embodiment, the compound of formula (l-a) can be formed by contacting ally! methallyl ether with hydrogen 

35 peroxide in the presence of a weakly alkaline substance such as potassium hydrogen carbonate and a nitrile 
compound such as acetonitrile, optionally using a solvent such as methanol, to epoxidize ally! methallyl ether. 
Alternatively, the compound of formula (l-a) can be formed by contacting alryl methallyl ether with hydrogen 
peroxide in the presence of a catalyst, for example a compound of a metal such as selenium, tungsten, or 
molybdenum (e.g., selenium dioxide, a tungstic acid or a moiybdic acid) to epoxidize allyl methallyl ether. 

40 In the practice of the first-mentioned epoxidiz ation reaction, the amount of the weakly alkaline substance 
can be property varied, but is, for example, about 0.1 to I part by weight per part by weight of allyl methallyl 
ether. The amount of the nitrile compound used can also be property varied. It is, for example, about I to (0 
moles per mole of the allyl methallyl ether. The amount of the solvent used can also be varied properly, and is, 
for example, about 0 to 10 parts by weight per part by weight of allyl methallyl ether. The reaction temperature 

45 and time can also be properly varied. For example, the reaction temperature is about 10 to 70°C, and the 
reaction time is about 0.5 to 50 hours. The concentration and amount of hydrogen peroxide can also be varied 
property. For example, an aqueous solution of hydrogen peroxide having a concentration of about 10 to 60% by 
weight is used in an amount of about I to 10 moles per mole of allyl methallyl ether. 

In the practice of the latter epoxidization reaction, the amount of the metallic compound catalyst can be 

50 properly chosen, and is, for example, about 0.001 to 0.1 mole per mole of allyl methallyl ether.The reaction 
temperature and time can also be properly varied. For example, the reaction temperature is about 20 to 90°C. 
and the reaction time is about 0.5 to 50 hours. The concentration and amount of hydrogen peroxide can also be 
varied property. For example, an aqueous solution of hydrogen peroxide having a concentration of about K) to 
600/o by weight is used in an amount of about 0.1 to 10 moles per mole of alryl methallyl ether. 

55 When the peroxy acid is used in the above embodiment, the compound of formula (l-a) can be obtained by 
contacting allyl methallyl ether with the peroxy acid in the presence or absence of a solvent such as 
tetrahydroturan, diethyl ether or methylene chloride to epoxidize it. Examples of the peroxy acid used include 
organic peroxy acids such as peroxyacetic acid, peroxybenzoic acid, and peroxyformic acid. The amount of 
the peroxy acid can be varied properly, and is, for example, about I to 10 moles per mole of allyl methallyl ether. 

60 The amount of the solvent used can be varied properly, and is. for example, about 0 to 100 parts by weight per 
part by weight of alryl methallyl ether. The reaction temperature and time can also be suitably selected. The 
reaction temperature is, for example, about 0 to 60° C. and the reaction time is about I to 100 hours. 

In another embodiment, the compound of formula (l-a) can be synthesized by utilizing a halohydrin method 
known per se. In this embodiment, the compound of formula (l-a) can be synthesized by contacting a 

65 suspension of allyl methallyl ether in water with a halogen such as bromine or chlorine to form a halohydrin 
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compound, and reacting the halohydrin compound with a suitable base such as slaked lime and sodium 
hydroxide to perform ring-forming reaction. In the practice of this embodiment, the amount ot water used in 
the halohydnn-forming reaction can be selected properly, and is. for example, about 10 to 1.000 parts bv weiaht 
per part by weight ot ally! methallyl ether. The amount of the halogen can also be properly varied and is for 
example, about I to 10 moles per mole of ally! methallyl ether. The reaction temperature and time can also be 
varied properly. For example, the reaction temperature is about 10 to 80'C, and the reaction time is about 0 5 to 
SO hours. In the epoxidization reaction of the resulting halohydrin compound, the amount ot the base used can 
be property chosen, and is. for example, about I to 10 moles per mole of ally! methallyl ether. The reaction 
temperature and time can also be property chosen. For example, the reaction temperature is about 10 to I00°C 
and the reaction time is about 0.5. to about 70 hours. ' 

According to still another embodiment, the compound of formula (l-a) can be produced by a method which 
does not go through the form of (l-b). In this embodiment, the compound of formula (l-a) can be obtained bv 
e henfying a mixture of a suitable combination of an epihalohydrin with an alcohol, for example a combination 
of ep.chlorohydnn and beta-methyl ally) alcohol or a combination of beta-methylepichlorohydrin and ally! 
alcohol, using a phase transfer catalyst such as a quaternary ammonium salt or a crown ether and a suitable 
base such as sodium hydroxide or potassium hydroxide in the presence or absence of a solvent such as 
dimethylformamide. and epoxidizing the resulting ether compound. In the practice of this embodiment the 
amount of the base used in the ethertfication reaction can be properly varied, and is. for example about 0 5 to 5 
moles per mole of the halohydrin compound. The amount of the catalyst used can also be varied orooertv and 
is, *or example about 0.001 to 0.1 mole per mole of the halohydrin compound. The amount of the alcohol can 

a "**^™™?L*?V S - f0r . examp,e ' abom 01 to B ™>'es per mole of the halohydrin compound. The 
amount of the solvent which may be used can be varied property, and is. for example, about 0 to KX> parts bv 
weight per part by weight of the halohydrin compound. The reaction temperature and time can also be proDertv 
.<SiosenJFor example, the reaction temperature is about 10 to 80°C. and the reaction time is about 0 5 to 50 
Wours. The epoxidization of the ether compound obtained by this reaction can be carried out also bv the ps 

2S^ n S5SiS ^ hydr09en Per ° Xide ° r * Per ° Xy aCid> ° r * ,he reactton ° f arming a 

The compound of formula (l-a) which is not described in the prior literature and can be obtained as 
described above m detail has in its molecule two reactive oxirane rings having different reactivities. The 
compound (l-a) can be used in various applications, for example as an intermediate for organic syntheses a 30 
monomer for nng-opening polymerization, a monomer for crosslinking, a reactive piasticizer a material ter 
epoxy resins, an adhesive, a paint and a surface-treating agent. P*si.cizer. a material for 

According to this invention, the use of the compound of formula (l-a) can lead to a polyether polymer or 
copolymer with a pendant group of the formula poiymer or 



,3 

-CH_-0-CH- > -C -.CH 0 
2 2 \ / 2 

O 



10 



is 



20 



35 



■to 



or'at^r fn^moM k 9 8 re ^ ceovisco 5yn««». determined at 45°C in ItsO.KK, by weight benzene solution 
or at 80 C in its 0.l»/b by weight monochlorobenzene solution, of at least 001 

folio vring method inVenti ° n ' *" reduced vts « 50sit y <* the polymer or copolymer is measured by the 
As a solvent, benzene is used for the homopolymer and a copolymer with propylene oxide or other 
copolymers, which are easily soluble in it, and monochlorobenzene is used for copolymers difficultly soluble in 
benzene, or example a copolymer with epichlorohydrin. The homopolymer or the copolymer is dissolved in e 
V^^JJ m ,?l£^* 8 ben2ene monochlorobenzene solutfon con£n£g 1SL of 
2^-methyleneb.s(4-methyl^-t-butylphenol). Using the solution, the reduced viscosity of the polymer or 

KSZZr s o™r ^ Ubbel ° hde ViSCOmeter * 45 " C <0r ,he Solution an^Kc for 

The novel polyether polymer or copolymer consists essentially of 

(I) I to 100 mole<tt> of a recurring units represented by the following formula (I) 

4CH 2 -CH-0^ 

^ CH 2 CH 3 (I) 

O-CH^-C - CH^ 60 

V 2 



50 



55 



and 



65 
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(2) 0 to 99 mo!e% ofat least o ne ty pe of recurring units represented by the following formula (II) 
4CH,,-CH-Of (II) 
R 

5 

wherein R represents a member selected from the class consisting of a hydrogen atom, substituted or 
unsubstituted Ci-Cie alky! groups, substituted or unsubstituted C2-C18 alkeriyl groups, substituted or 
unsubstituted C3-CB cycloalkyl groups and substituted or unsubstituted C6-C14 aryl groups, 
and has a reduced viscosity %od determined at 45° C in its 0.l<Vb by weight benzene solution or at 80° C in 
10 its OJVo by weight monochlorobenzene solution, of at least 0.0I. 

The recurring units of formula (I) are derived by opening only the methyl-free oxirane ring of the two oxirane 
rings of the compound of formula (l-a) while the other methyl-containing oxirane ring being left unopen. The 
recurring units of formula (II) are derived by ring-opening of a monoepoxy compound of the following formula 
(III) 

15 

R 

CH- - CH (III) 

20 wherein R is as defined with regard to formula (li). 

In the definition of R in formulae (II) or (III), examples of the Ci-Cie alkyl group are methyl, ethyl, propyl, 
butyl, hexyl and dodecyi groups. These alkyl groups may have a substituent such as halogen, C1-C10 alkoxy, 
C2-C10 alkoxycarbonyi, C2-C10 acyl, C1-C10 alkylthio, and optionally substituted Ce-Ci4 aryl. In the definition of 
R, examples of the C2C18 alkenyl group are vinyl, allyl and butenyl. The alkenyl groups may have a substituent 

25 such as halogen, C1-C12 alkyl, C1-C10 alkoxy, C2-C10 alkoxycarbonyi, C2-C10 acyl and C1-C10 alkylthio. In the 
definition of R, example of the C3-C8 cycloalkyl group are cyclopropyl, cyclopentyl and cyclohexyl. The 
cycloalkyl groups may have a substituent such as halogen, C1-C12 alkyl, C1-C10 alkoxy, C2-C10 
alkoxycarbonyi. C2-C10 acyl and C1-C10 alkylthio. In the definition of R, examples of the Ce-Ci4 aryl group are 
phenyl and naphthyl. The aryl groups may have a substituent such as halogen, C1-C12 alkyl, C1-C10 alkoxy, 

30 C2-C10 alkoxycarbonyi, C2-C10 acyl and C1-C10 alkylthio. 

the novel polyether polymer or copolymer has a reduced viscosity T|n>d. determined at 45° C in its 0.1% by 
weight benzene solution or at 80° C in its 0.1% by weight monochlorobenzene solution, of at least 0.01. The 
polymer composed only of the recurring units of formula (I) or polymers composed substantially of the 
recurring units of formula (I) with less than I mole% [namely, the proportion of the recurring units of formula (I) 

35 exceeding 99 mole%] of the recurring units of formula (II) preferably have a reduced viscosity i>©d. determined 
at 45° C in their 0.|o/o by weight benzene solution, of 0.01 to 2, particularly 0.05 to 2. Copolymers composed of I 
to 99 mole<Vb of the recurring units of formula (I) and 99 to I mole% (the total 100 mole 0/0) of the recurring units 
of formula (II) preferably have a reduced viscosity determined at45°C in their 0.|o/o by weight benzene 
solution or at 80° C in their 0.1% by weight monochlorobenzene solution, of 0.01 to 5, especially 0.05 to 3. In the 

40 case of the copolymers, suitable mole ratios for the intended uses may be selected. For example, when the 
copolymers are to be used as epoxy resins, it is preferred to adjust the proportion of the recurring unit of 
formula (I) to at least about 30 mole°/o. For use as a rubber or elastomeric material, the copolymer preferably 
contains about 5 moleo/o, or amounts near it. of the recurring unit of formula (I). Such a preferred ranges of the 
proportion of the recurring units of formula (I) can be preselected and prescribed easily by experiments 

45 according to the purpose of use and the type of the recurring units of formula (II). 

The novel polyether polymer or copolymer of this invention can be produced by polymerizing the compound 
of formula (l-a) or copdlymerizing the compound of formula (l-a) and the monoepoxy compound of formula 
(III), in the presence of, as a catalyst, a heat-reaction product of (A) an organotin compound and (B) a 
complete or partial ester compound of (HOhPO which is disclosed in U. S. Patent No. 3,773,694 whose 

50 inventorship includes Tetsuya Nakata who is one of the coinventors of the present application. 

When, for example, the diepoxy compound of formula (l-a) in accordance with this invention is polymerized 
by using organoaluminum-water containing catalysts heretofore well known as a catalyst for ring- opening 
polymerization of a broad range of oxirane compounds, crosslinking reaction proceeds rapidly, and the 
solvent-soluble polyether polymer of this invention cannot be obtained. 

55 Among the known heat-reaction products disclosed in detail in U. S. Patent No. 3,773,694, heat-reaction 
products of (A) organotin compounds selected from compounds of the following formulae (i) to (iv) and (B) a 
complete or partial ester compound of (HOhPO are preferably used. 
R i SnX 4 -a (i) 

wherein R 1 represents a C1-C12 alkyl group, such as methyl, ethyl, propyl, hexyl and dodecyi, unsubstituted or 
60 substituted by a substituent selected from halogen, hydroxy, C1-C10 alkoxy and C1-C10 alkylthio, a C2-C8 
alkenyl group, such as vinyl and allyl, unsubstituted or substituted by a substituent selected from halogen, 
hydroxy, Ci-Cio alkoxy. Ci-Cio alkylthio. and optionally substituted C6-C14 aryl. a C3-CB cycloalkyl group, 
such as cyclopropyl. cyclopentyl or cyclohexyl. unsubstituted or substituted by a substituent selected from 
halogen, hydroxy, C1-C12 alkyl. C1-C10 alkoxy. C1-C10 alkylthio and optionally substituted C6-C14 aryl. a 
65 C6-C14 aryl group, such as phenyl and naphthyl. unsubstituted or substituted by a substituent selected from 
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halogen, hydroxy, Ci-Ci 2 alkyl, d-Cio aikoxy, C1-C10 aJkylthio and optionally substituted Ca-Cu aryl. or a 
Cr-Cie aralkyl group, such as benzyl or phenytethyl f unsubstituted or substituted by a substituent selected 
from halogen, hydroxy, C1-C12 alkyt. C1-C10 aikoxy and C1-C0 alkyithio: X represents an atom or group 
selected from halogen atoms such as a, Br, I or F, d-C.2 aikoxy groups, aryloxy groups having Ce-Cia aryl 
acyloxy groups having C2-C12 acyl and residues of partial esters of phosphoric acid; and a is an Integer of I to 5 
4 ; provided that when a is an integer of 2 to 4, R ' groups may be identical or different, anrfwhen a is I or 2 the 
X's may be identical or different. 
R I SnOc (ii) 

wherein Ri Is as defined with regard to formula (i), b is I or 2. and when b is I, c is 3/2 or when b is 2, c is I the 
compound of formula (ii) may form a complex with the compound of formula (I) ~ 10 

R 2 *f R 2 SnOSnR {f R* (iii) 

wherein R 1 is as defined with regard to formula (i), R* is as defined with regard to R' and X and the two R* 
groups, may be identical and different. 
(R J Sn) d X' ..... (iv) 

wherein R* is the same as defined with regard to formula (ill) provided that at least one of the three R* groups 15 
is a group selected from the groups defined for Ri in formula (i); X' is a member selected from the group 
consisting of a carbonate group, a phosphorus or oxyacid group, a polybasic carboxylic acid group and a 
residual moiety of a polyhydric alcohol; anddis a number greater than I and corresponds to the basicity of the 
member X'. 

Preferably, (B) is a compound represented by the following formula 20 
(R 3 0) 3 P«0 

wherein R3 represents a member selected from the class consisting of a hydrogen atom. Ci-Ci 2 alkyl groups 
C2-Ci2 alkenyl groups and C 3 -C e cydoalkyl groups which may be substituted by halogen, and at least one of 
the R3 groups represents groups other than the hydrogen atom. 

In the organotin compound (A) selected from the compounds of formulae (i) to (iv) , specific examples of the 25 
compounds of formula (i) are (C^Sn, (CeHsUSn, (CH 3 ) 3 SnF, (C^aSnCI, <CH 3 )sSnBr, (CaH 7 ) 3 SnCI. 
C H j S OC H (C4H9)2SnCl2 ' < c « H «>2 Sr » B '2. (cyclo-CaHnteSnfe. <C4H 9 )SnF 3t (C e H 17 )SnCI 3 



/Of 2 

(CH 3 > 2 Sn^ j <C g K 17 ) 3 SnOCOCH 3 , 



0-CH 2 , 



30 



35 



45 



(CgH 17 ) 2 Sn(OC0C 17 H 35 ) 2 , and (CH^Sn 

^OCOCI^ . 

|^" ples °* compounds of formula (ii) are (CH 3 ) 2 SnO. (C 4 H 8 > 2 SnO. (C 8 H 17 ) s SnO, (C e H 5 );i 
2SnO, CH 3 Sn0 3 /2, and C4H»SnOa/2- 

.^."fTf^ 18 01 the con} f> iBX of compound of formula (i) and the compound of formula (ii) include 
(CH 3 ) 2 SnO.(C 2 H 5 ) 2 SnBr 2 . (CH 3 ) 2 SnO.(CH 3 ) 2 SnCI 2 . and CH 3 [(CH 3 ) 2 SnOJ 2 CH 3 .(CH 3 ) 2 SnBr 2 
anoS^^ ^ <iH) ^ < CH 3)3SnOSn(CH 3 ), C, ( CH 8 > 2 SnOSn<C 4 H 9 ,CI. 

Specific examples of the compounds of formula (iv) include 

C(CH 3 ) 3 Sn) 2 C0 3 , [(C 4 H 9 ) 3 Sn) 2 C0 3 , 50 
tC 4 H 9 ) 3 SnOP(OXOC 8 H 17 ) 2 , f <C 8 H 17 > 3 Sn) 3 P0 4 , 
(C 4 H 9 ) 3 SnOCH 2 CH 2 OSn(C 4 H 9 ) 3 , <C 4 B 9 > 2 (CH 3 0)Sn- 

OCO+C^i^OCO-SntOCHjM^H,,^, and -fC^-CH^ 55 

CCX»Sn(C 4 H g ) 3 . 



Specific examples of the compounds of formula (R a O) 3 P-O include (feHs)aPoj <C,Ht>,po/ 
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paraffin can be used as a solvent. The ratio of the compound (A) to the compound (B) used in the formation of 
the heat-reaction product can be property selected.over a wide range. For example, the ratio of (A):(B) ( as the 
ratio of Sn atoms to P atoms, is from 1:10 to 10:1. 
In the catalyst producing reaction, various relatively simple substances are formed and liberated by 

5 condensation reaction depending upon the types of the compounds (A) and (B). The resulting condensation 
product exhibits the desired activity at various degrees of condensation. The optimum degree of condensation 
varies depending upon the types of the compounds (A) and (B) and the ratio between them, but can be easily 
predetermined experimentally. Generally, the condensation product is soluble in solvents such as hexane and 
benzene in the early stage, but becomes insoluble as the condensation reaction proceeds. 

10 According to this invention, there is provided a process for producing the novel polyether polymer or 
copolymer with a pendant group of the formula 



CH 3 

2 2 V 

in its molecular and consisting essentially of (I) I to I00 moleo/o of recurring units of formula (I) and (2) 0 to 99 
20 moleo/o of at least one type of recurring units of formula (II) and having a reduced viscosity i\ T *4, determined at 
45° C in its O.IVo by weight benzene solution or at 80° C in its O.io/o by weight monochiorobenzene solution, of at 
least 0.0J. which comprises polymerizing a^-epoxypropyt-^S'-epoxy-^-methylpropyl ether of the following 
formula (l-a) 

25 CH 3 

H 2\V H "" CH 2~°" CH 2^ X V CH 2 (I ~ a> 



30 



35 



or copolymerizing a mixture of it with a compound of the following formula (III) 



CH^ - CK (III) 

cr 

40 whrein R is as defined with regard to formula (II), 

in the presence of, as a catalyst, the above known heat-reaction product of (A) the organotin compound and 
(B) the complete or partial ester compound of (HO)aPO. 

Specific examples of the monoepoxy compound (III) used include ethylene oxide, propylene oxide, butylene 
oxide, butadiene monooxide, vinylcyclohexane oxide, styrene oxide, epichlorohydrin. epibromohydrin, allyl 

45 glycidy! ether, butyl glycidyl ether, phenyl glycidyl ether, naphthyl glycidyl ether, glycidyl acetate, glycidyl 
propionate, glycidyl benzoate, glycidyl cinnamate and glycidyl naphthenate. They may be used singly or in 
combination. Thus, structural units of formula (II) composed of two or more monomers above may be present 
in the same polymer chain in the polyether copolymer of this invention. 
The polymerization or copolymerization may be carried out by contacting the compound of formula (l-a) or a 

50 mixture of it with at least one compound of formula (III) in the presence of the aforesaid heat-reaction product 
as a catalyst in the presence or absence of a solvent. Since the reaction proceeds even at room temperature, 
heating is not specially required. For example, the polymerization or copolymerization is carried out at a 
temperature of about I0°C to 80° C Preferably, the reaction is carried out with stirring or shaking. In the 
practice of the reaction, the presence of an unnegligible amount of water in the reaction system is 

55 inconvenient. Hence, the presence of water in the reaction system is desirably minimized. 

The amount of the catalyst may be properly varied, and is. for example, about 0.0I to about I part by weight 
per I00 parts by weight of the compound of formula (l-a) or the monomeric mixture of the compound of formula 
(l-a) and the compound of formula (III). 
The reaction pressure may be atmospheric pressure or reduced or elevated pressure, inclusive of an 

60 autogeneous pressure. Usually, pressures ranging from atmospheric pressure to 50 kg/cm 2 are employed. 
In this invention, a solvent may be optionally present in the polymerization system. A great variety of solvents 
can be used in this invention. Examples include aliphatic hydrocarbons such as heptane, kerosene, n-paraffin 
and hexane. aromatic hydrocarbons such as benzene and toluene; hatogenated hydrocarbons such as 
methylene chloride, chloroform, carbon tetrachloride and monochiorobenzene, ketones such as acetone and 

65 methyl ethyl ketone, ethers such as diethyl ether, di-isopropyl ether, di-n-propyl ether, di-n-butyl ether. 
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tetrahydrofuran and dioxane, and esters such as ethy! acetate and butyl acetate. 

The polyether polymer or copolymer Is useful, for example, as an epoxy resin, a rubber or elastomeric 
material, an adhesive, a paint, or a reactive polymer intermediate. 

The following examples illustrate the present invention in more detail. 

EXAMPLE I 

Compound of formula (l-a) 

A flask equipped with a reflux condenser, a thermometer and a stirrer was charged with 300 ml of methanol 
331 g (8.0 moles) of acetonitrile, 150 g (1.3 moles) of allyl methallyl ether and 107 g of potassium hydrogen 
carbonate, and with stirring at 50°C. 402 ml (3.5 moles) of a 30** by weight aqueous solution of hydrogen 
peroxide was added dropwise over 6 hours. After the addition, the mixture was maintained at the same 
temperature for 3 hours. After the reaction, the reaction mixture was cooled, and 500 ml of cold water was 
added. The mixture was extracted with five 150 ml portions of methylene chloride, three 100 ml portions of 
water, three 100 ml portions of 0.IN sodium thiosulfate. and finally with three KX) ml portions of water dried over 
sodium sulfate, and distilled under reduced pressure to give 160 g (yield 83<Vb) of Za-epoxypropyt-^ 3'-eooxv- 
2'-methytpropyi ether. ' 7 1 

The properties and NMR spectral data of the product are shown below. 

Physical properties so 
bp : 85 °C/8 ironHg 



to 



75 



dj 5 : 1.069 
nj 5 : 1.4396 



25 



Assignment of NMR spectrum 



CH 3 . 30 

a 



Solvent: CDC1 3 ; internal standard TMS 
S i 1-35 (3H, s, a) 

2.45 - 2. 90 C4H, in, b) 40 
2.90 - 2.35 (1H, m, c) 
3.35 - 4.15 (4H r m, d) . 

- * ■ ' 45 
The infrared absorption spectrum of the resulting product is shown in Figure I. 
EXAMPLE 2 

A three-necked flask equipped with a stirrer, a thermometer and a distillation device was charged with 12 5 a so 
of dibutyttin oxide and 26.6 g of tributyl phosphate. With stirring in a stream of nitrogen, the compounds were 
heated at 250° C for 20 minutes, and the distillate was removed. A solid condensation product was obtained as 
a residue. 

The inside of a 50 ml glass ampoule was purged with nitrogen, and the ampoule was charged with 40 mg of 
the condensation product obtained as above and 15 g of 2.3-epoxypropyl-2'.3'-epoxy-2'-methyipropyl ether 55 
having a concentration of less than K> ppm . and the ampoule was sealed up. With shaking, the compound as 
reacted at 40 C for 48 hours. After the reaction, the reaction mixture was poured into KX) ml of hexane 
containing 0.50* by weight of 2.2--rr«mylenebls(4-methyl-6.t.butylphenol. and immersed overnight. Hexane 
was then removed by decantation. and the residue was washed twice with 100 ml of the same hexane as used 

af^c ?n foZ 6 H t0 ^ifK 7 Q <yle,d 8 ?* ) - or a P ° ,ymer ThG P 0 *™ "ad a reduced viscosity, measre^d so 
at 45 C in Its 0.Wb by weight benzene solution, of 0.45 and an epoxy equivalent of 142 (theory 144) 

The infrared absorption spectrum of the polymer is shown in Figure 2. and the nuclear magnetic resonance 
spectrum, in Figure 3. 
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EXAMPLE 3 

Tributyltin chloride (10.5 g) and 17.4 g of tributyl phosphate were put in the same flask as used in Example 2. 
With stirring in a stream of nitrogen, the mixture was heated at 250° C for 30 minutes, and the distillate was 
removed. A solid condensation product was obtained as a residue. 
5 The same polymerization as in Example 2 was carried out except that 25 mg of the resulting conden sation 
product was used as the catalyst and the polymerization was carried out at 80° C for 6 hours. There was 
obtained 12.2 g (yield 8P/o) of a polymer having a reduced viscosity, determined at 45° C in its |o/o by weight 
benzene solution, of 0.09 and an epoxy equivalent of 143. 

10 EXAMPLE 4 

Diphenyltin dichloride (II.O g) and I6.9 g of tributyl phosphate were put in the same flask as used in Example 
2. With stirring in a stream of nitrogen, the mixture was heated at 250° C for 35 minutes, and the distillate was 
removed. A solid condensation product was obtained as a residue. 

The same polymerization as in Example 2 was carried out except that 25 mg of the resulting condensation 
15 product was used as the catalyst and the polymerization was carried out at 30° C for 60 hours. There was 
obtained H.8 g (yield 790/b) of a polymer having a reduced viscosity, determined at 45° C in its l<Vb by weight 
benzene solution, of 0.92 and an epoxy equivalent of I45. 

EXAMPLE 5 

20 Dibutyltin oxide (I0.0 g) and 23.4 g of tributyl phosphate were fed into a three-necked fiask equipped with a 
stirrer, a thermometer and a distillation device. With stirring in a stream of nitrogen, they were heated at 260° C 
for 15 minutes, and the distillate was removed. A solid condensation product was obtained as a residue. 

The inside of a 50 ml glass ampoule was purged with nitrogen, and 30 mg of the condensation product, a 
mixture of 12 g of 2,3-epoxypropyl-2\3'^poxy-2'-methylpropyl ether and 20 g of propylene oxide having a water 

25 content of less than K) ppm were charged into it. The ampoule was sealed up, and with shaking, the mixture 
was maintained at 40° C for 50 hours. After the reaction, the reaction mixture was put into KX) ml of methanol 
containing 0.5 o/o by weight of 2,2 ? -methylenebis(4-methyl-6-t-butylpheno! and immersed overnight. Methanol 
was removed by decantation, and the residue was washed twice with I00 ml of methanol and then dried under 
reduced pressure at KX)°C for 8 hours to give 29 g of a tacky rubbery polymer. 

30 The mole ratios of the monomers charged, the reaction conditions, and the composition of the resulting 
copolymer are shown in Table I. 

The infrared absorption spectrum of the resulting copolymer is shown in Figure 4. and its 1 H NMR spectrum, 
in Figure 9. 

35 EXAMPLES 6-9 

Using the same catalyst as used in Example 5, the same copolymerization as in Example 5 was repeated 
under the conditions indicated in Table I. The compositions of the resulting copolymers, determined by 1 H 
NMR spectroscopy, are shown in Table I. The infrared absorption spectra of the copolymers obtained in 
Examples 6 to 9 are shown in Figures 5 to 8, respectively, and the 1 H NMR spectrum of the copolymer obtained 
40 in Example 6, in Figure K). 
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Table 1 



Example 

: : — 


5 


6 


7 


8 


9 


Monomer charqed (mole %) 












2 ,3-E£oxypropyl-2 ',3' -epoxy- 
2'-methylproFyl ether 


20 


30 


80 


5 


40 


Propylene oxide 


80 




20 






Epichlorohydrin 


- 


70 


•- 


— 


- 


Glycidyl acetate 


- 


- 


- 


95 


- 


Styrene oxide 


*— 


— 


— 


- 


60 


Amount of the catalyst 
ig/iuD-Le or monotuer/ 


0.07 


0.06 


0.08 


0.05 


0.09 


Reaction temperature (°C) 


40 


45 


50 


50 


50 


Reaction time (hours) 


50 


50 


70 


60 


70 


Copolymer produced 












xieid (%} 


91 


89 


65 


70 


78 


Reduced viscosity, ? red 


2.48 
(*) 


0.82 
(**) 


0.15 
(*) 


0.35 
(*) 


0.78 
(*) 


Cbnqposition as monomers 
(mole %) 












2,3-Qx>xyprcpyl-2 1 ,3 '-epoxy- 
^ -metnylprqpyl ether 


18 


21 


75 


4 


31 


Propylene oxide 


84 




25 






Epichlorohydrin 




79 








Glycidyl acetate 








96 




Styrene oxide 
1 — _J 




'I 






69 



*): Mwasured at 45°C in a 0.1% benzene solution. 

*): Measured at 80°C in a 0.1% ronochlorobenzene solution. 
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Claims 



1. A potyether polymer or copolymer consisting essentially of 
(1) 1 to I00 mole% of recurring units of formula (I) 



4CH 2 -CH-Of 

CH 2 CH 3 (I) 

O 



and 

(2) 0 to 99 mole <>/o of at least one type of recurring units of formula (II) 4CH,-CB-o* ( II ) 

R 

wherein R represents hydrogen, substituted or unsubstftuted Ci-Cie alkyl, substituted or 
unsubstituted C2-C18 alkenyl, substituted or unsubstituted C3-C8 cycloalkyl or substituted or 
unsubstituted C6-C14 aryi. 

and having a reduced viscosity ^red. determined at 45° C in its 0.1 Wo by weight benzene solution or at 
80° C in Its 0.1 <>A> by weight monochloroberizene solution, of at least 0.01 . 

2. A polymer or copolymer according to claim 1 wherein in the definition of R in formula (H). the 
substituent on alkyl is selected from halogen, C1-C10 alkoxy, C2-10 alkoxycarbonyl, C2-C10 acyl, C1-C10 
alkylthio, and optionally substituted Cs-Ci4 aryl; and the substituent on alkenyl, cycloaJkyi or aryi is 
selected from halogen, C1-C12 alkyl, C1-C10 alkoxy, C2-C10 alkoxycarbonyl. C2-C10 acyl and C1-C10 
alkylthio. 

3. A polymer or copolymer according to claim 1 or 2 having a reduced viscosity Tired of 0.01 to 5. 

4. A process for producing a polyether polymer or copolymer as claimed in claim 1, which comprises 
polymerizing 2,3-epxoypropyl-2\3'-epoxy-2'-methylpropyl ether of formula (l-a) 

H 2 C N -/ CH - CI *2-°- CH 2~ C v- f B 2 (I ~ a) 
O O 



or copolymerizing it with a compound of formula (Ml) 
R 

CH 0 - CH (III) 



wherein R is as defined in claim 1 

in the presence of, as a catalyst, a heat-reaction product of (A) an organotin compound and (B) a 
complete or partial ester compound of the formula (HObPO, said organotin compound (A) being 
selected from compounds of the following formulae (i) to (iv) 
R i SnXA-e (i) 

wherein R 1 represents a C1-C12 alkyl group unsubstituted or substituted by a substituent selected from 
halogen, hydroxy, C1-C10 alkoxy and C1-C10 alkylthio. a C2-C8 alkenyl group unsubstituted or substituted 
by a substituent selected from halogen, hydroxy, C1-C10 alkoxy, C1-C10 alkylthio, and optionally 
substituted C6-C14 aryl. a Ca-Cs cycloalkyl group unsubstituted or substituted by a substituent selected 
from halogen, hydroxy, C1-C12 alkyl. C1-C10 alkoxy, C1-C10 alkylthio and optionally substituted Ce-C™ 
aryl, a C6-C14 aryl group unsubstituted or substituted by a substituent selected from halogen, hydroxy, 
Ci-Ci2 alkyl, C1-C10 alkoxy. C1-C10 alkylthio and optionally substituted Cs-C-u aryl. or a C7-C18 aralkyl 
group unsubstituted or substituted by a substituent selected from halogen, hydroxy, C1-C12 alkyl, C1-C10 
alkoxy and C1-C10 alkylthio: X represents an atom or group selected from halogen atoms. C1-C12 alkoxy 
groups, aryloxy groups having C6-Cn aryl. acyloxy groups having C2-C12 acyl and residues of partial 
esters ol phosphoric acid: and a is an integer ot 1 to 4. provided that when a is an integer of 2 to 4. R 1 
groups may be identical or different, and whi;n a is 1 or 2. the X*s may be identical or different; 
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R i Sn0 c (ii) 

wherein FU is as defined with regard to formula (i). b is 1 or 2. and when b is 1. c is 3/2 or when b Is 2 c is 1 
the compound of formula (H) may form a complex with the compound of formula (i) ; ~ 

R 2 -fR2 SnOSn R2^ B2 (iii) 

wherein Ri is as defined with regard to formula (i). R* is as defined with regard to R' and X and the two R* 
groups may be identical and different; and «na a. ana tne two R* 

(R i Sn, d x ' ..... (iv) 

herein R2 is the same as defined with regard to formula (iii) provided that at least one of the three R 2 
groups is a group selected from the groups defined for R' in formula (I): X' is a member selected from a 
^ T?£ 2 r ° UP ,' a P h ° s P h f rus or o^cid group, a polybasic carboxylic acid group and a residual moiety 
of a polyhydnc alcohol; and d is a number greater than 1 and corresponds to the basicity of the member. 

forniuir OCeSS 8CC ° rdin9 1 ° C,aim 4 Wherein the complete or partial ester compound (B) is a compound of 
(R30) 3 P-0 

wherein R3 represents hydrogen, Ci-C, 2 alkyl.Ca-C™ alkenyl or C 3 -Ce cycloalkyl which mav be 
substituted by halogen, and at least one R3 is other than hydrogen. cycoaiKyi wnicn may be ^ 

6. 2,3-Epoxypropyl-2',3'-epoxy-2'-methytpropyl ether of formula (l-a) 

H 2 C N -/ pH ' CH 2" 0 " CH 2~ C N V CH 2 (I ^ a> 
O O 



«L^Jl 8 p ? l ^ Br Po|ymer or copolymer as claimed in claim 1,2 or 3 as an epoxy resin, a rubber or 
elastomenc matenal, an adhesive, a paint, or a reactive polymer intermediate. 
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